Redistribution of metabolic fluxes in Escherichia coli with fermentative lactate dehydrogenase overexpression and deletion.
Under anaerobic conditions, competition for pyruvate between the branch point enzymes pyruvate formate lyase (PFL, Km = 2 mM) and fermentative lactate dehydrogenase (LDH, Km = 7.2 mM) determines the partition of carbon flux. Two Escherichia coli mutant strains, one deficient in ackA, pta, and ldhA and the other overexpressing LDH, were constructed to systematically analyze the effects of these perturbations in the existing pathways on the redistribution of carbon fluxes. Deletion of the lactate and acetate synthesis pathways was detrimental to cell growth. Carbon flux is forced through ethanol and formate production pathways, resulting in a concomitant increase in those fluxes. In addition, overexpression of LDH simultaneously increases the common flux as well as the flux to the competing acetyl-CoA branch. Overexpression of lactate dehydrogenase (ldhA) in the parent strain increases the lactate synthesis rate from 0.19 to 0.40 mmol/g-biomass-h when the LDH activities increases from 1.3 to 15.3 units. Even an increase of more than 10 times in the LDH activity fails to divert a large fraction of the carbon flux to lactate; the majority of the flux still channels through the acetyl-CoA branch. Overexpression of LDH in the parent strain simultaneously increases the common flux as well as the flux through the acetyl-CoA branch. Subsequently, the flux amplification factors (or deviation indices which can be related to the flux control coefficients) are positive for all three fluxes occurring at the pyruvate node.